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The purpose of this study was to examine the relationship 
between high density lipoprotein (HDL) cholesterol and the following 
factors: physical activity, body composition, alcohol consumption,
and saturated fat in the diet. A second purpose was to examine the 
relative effectiveness of intense physical activity and total work 
load in altering HDL cholesterol levels. Attention was directed to 
the possible presence of a threshold level of activity needed to 
affect HDL levels. Blood samples were collected from fifty-three 
male volunteer employees of the United States Forest Service and 
personal interviews were conducted to determine alcohol consumption, 
dietary saturated fat, and weekly energy expenditures from both total 
physical activity and intense activity (greater than seven 
kilocalories per minute). Skinfold measurements were taken and step 
tests were administered to thirty subjects to predict maximal oxygen 
uptake. Correlation coefficients were computed to assess 
associations. HDL cholesterol levels showed a highly significant 
positive association with intense physical activity (r=.37, p<.01) 
but not with total activity. Positive changes in HDL levels were 
demonstrated at 2,000 kilocalories per week of intense activity.
HDL levels showed a significant negative association with saturated 
fat in the diet (r=-.33, p$. 05) and with measures of body composition, 
including a sum of four skinfolds (r=-.34, p<.05). The contribution 
to HDL levels made by fatness was independent of activity and dietary 
saturated fat in this population. HDL cholesterol was not 
significantly associated with alcohol consumption.
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CHAPTER I 
INTRODUCTION
The development of coronary heart disease has been associated 
with a number of lipid risk factors in several major epidemiological 
studies (8, 9, 21, 43). Elevations of levels of total serum 
cholesterol, triglyceride, low density lipoprotein (LDL) cholesterol, 
and very low density lipoprotein (VLDL) cholesterol were directly 
related to coronary heart disease prevalence. Levels of high density 
lipoprotein (HDL) cholesterol showed an inverse association and were 
identified as the major lipid risk factor.
The role of exercise in the prevention of coronary heart disease 
has received increasing attention. In 1961 Kraus and Raab (28) 
reviewed seventeen studies in which death rates from coronary heart 
disease were related to habits of physical exercise (mostly 
occupational). In all but one the death rate was higher among 
sedentary subjects. Montoye (37) summarized the limitations applying 
to these retrospective studies:
1) Selection of an occupation may have been determined in 
part by the subjects' state of health.
2) Effects of physical activity may operate only through 
some other factor, for example, body fatness.
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3) The independent effects of physical activity cannot be 
separated from other possible biological or social 
factors, such as stress.
4) No measurement of leisure time activity was made.
Definitive preventive effects have been difficult to establish.
A number of studies have shown the positive effects of exercise 
on lipid risk factors, thus providing a possible mechanism for 
protection from coronary heart disease. Data indicates that exercise 
training can serve as an effective stimulus in elevating HDL 
cholesterol levels (17, 24, 32, 42, 45, 50) and that HDL levels are 
higher in groups with high physical activity (23, 33, 36, 56). A few 
studies have failed to confirm this relationship (47, 52, 53) and it 
has been suggested that a threshold level of activity may exist (22,
53). The relative importance of intensity and duration of exercise in 
affecting HDL levels has not been adequately examined.
Lipid risk factors have also been associated with body 
composition (22, 42, 43, 47, 52, 54), alcohol consumption (10, 57), 
and the amount of saturated fat in the diet (25, 26, 46, 51, 55). Low 
body fat, moderate alcohol consumption, and low dietary saturated fat 
have contributed to favorable lipid fractions.
PURPOSE OF THE STUDY
The purpose of this study was to examine the relationship between 
HDL cholesterol and the following factors: physical activity, body
composition, alcohol consumption, and saturated fat in the diet. A
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3
second purpose was to examine the relative effectiveness of intense 
physical activity and total work load in altering HDL cholesterol 
levels. Attention was directed to the possible presence of a threshold 
level of activity needed to affect HDL levels. Intensity and duration 
of activity were quantified.
DEFINITIONS
Cholesterol is a fatty alcohol widely distributed in animal 
tissues. It can be synthesized by the liver and is thought to be a 
factor in atherosclerosis.
Lipoproteins are proteins combined with lipids found in blood 
plasma. Composition of the major lipoproteins is shown in appendix A.
Very Low Density Lipoproteins (VLDL or prebeta) are small, light 
lipoproteins that carry endogenous triglyceride from the liver to sites 
in muscle and adipose tissue.
Low Density Lipoproteins (LDL or beta) are lipoprotein remnants 
partially or completely resulting from the metabolism of VLDL. They 
are comparatively large with a high cholesterol content.
High Density Lipoproteins (HDL or alpha) are the smallest of the 
lipoproteins. Their function is not completely understood but is 
generally considered to be that of picking up cholesterol at the 
tissues for transportation to the liver.
Chylomicrons are the largest and lightest of the lipoproteins. 
Normally they are synthesized in the intestine and transport dietary 
triglycerides into the plasma.
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Total Serum Cholesterol is the sum total of the cholesterol 
contained in VLDL, LDL, HDL and chylomicrons.
Triglycerides are fat soluble neutral fats totally insoluble in 
water. They are the principal lipids of foodstuffs and mammalian fat 
deposits.
Skinfold is a measurement of the double layer of skin plus 
subcutaneous fat. The thickness of the fold reflects the amount of fat 
under the skin.
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CHAPTER II 
SURVEY OF RELATED LITERATURE
HDL Cholesterol as a Risk Factor 
The concentration of cholesterol in the blood and tissues has 
long been recognized as a coronary risk factor. This concentration is 
determined by the amount of cholesterol in the diet, the amount 
absorbed, the amount broken down or excreted, and the amount 
synthesized in the body. Individuals respond differently to increased 
dietary cholesterol. Some decrease cholesterol synthesis sufficiently 
to compensate for the amount ingested. Others cannot reduce production 
and serum cholesterol levels rise (1). This differing response and the 
apparent immunity to coronary disease of some individuals with high 
serum cholesterol levels (18) led researchers to investigate the 
cholesterol transport system and its effects on the relationship between 
cholesterol and coronary heart disease.
Cholesterol and triglyceride are transported in the blood in 
complexes with proteins and other lipids. There are four major classes 
of lipoprotein complexes, each with a different function. Chylomicrons 
transport dietary triglyceride from the intestine to the peripheral 
tissues. VLDL carry endogenous triglyceride and some cholesterol from 
the liver to the tissues. LDL carry cholesterol from the liver to the 
tissues. HDL picks up the cholesterol at the tissues and carries it to
5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6
the liver where it is broken down and excreted into the intestines (30)
Barr et al. (5) reported in 1951 that healthy men had higher 
levels of HDL than did men with coronary heart disease and concluded, 
"the outstanding fact in our observations is the relative and absolute 
reduction in alpha lipoprotein in atherosclerosis." Barr (4) also 
pointed out that the higher proportion of serum cholesterol carried in 
the HDL of human babies was similar to that found in animals who have a 
high resistance to atherosclerosis. Humans become susceptible in 
later life as HDL levels decrease. Glueck et al. (18) found that 
families with a history of longevity without serious cardiovascular 
disease had high HDL levels (generally more than 75 mg/dl). Levy et 
al. (31) reported the relative immunity of premenopausal women, whose 
HDL concentrations are 30 to 60 percent higher than those of male 
counterparts in the same age group.
Bang et al. (3) found significantly higher HDL levels in Eskimo 
men living in Greenland than in Danish men. The Danes had much higher 
rates of coronary heart disease. Berg and Borrens (6) reported 
significantly lower HDL levels in Swedish males with a history of 
coronary disease than in controls. Miller and Miller (36) also noted 
higher levels of HDL cholesterol in healthy subjects than in those from 
the same community suffering from coronary disease. Gofman et al. (19) 
reported lower HDL levels among young men age twenty and above in whom 
coronary heart disease subsequently developed in the Livermore, 
California Study. Medalie et al. (34) reported similar findings in the 
Israeli Ischemic Heart Disease Survey of middle-aged men.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The conclusion reached in the Framingham Heart Study of 2815 men 
and women (21) was that HDL is the most potent lipid risk factor and 
was associated with each major manifestation of coronary heart disease. 
Demonstration of the negative correlation is given in Table 1:
TABLE 1
Incidence of Coronary Heart Disease by 
HDL Cholesterol Level 
Framingham Study, (Men)
HDL
Cholesterol
Level
(mg/dl)
All levels 
Under 25 
25-34 
35-44 
45-54 
55-64 
65-74 
Above 75
CHD
Incidence
Rate/1,000
77.1
176.5 
100.00
104.5
51.0 
59.7
25.0 
0
Castelli et al. (9) found the inverse relationship between HDL 
cholesterol and coronary heart disease consistent in a case control 
study of five populations. The authors found the relationship striking 
in view of the small magnitude of difference in mean levels of HDL 
between subjects with coronary heart disease and those without 
(typically 3 to 4 mg/dl). This association remained significant when 
other lipids and standard risk factors were taken into consideration.
It was observed in the Framingham Study (21) that the HDL 
cholesterol to total serum cholesterol ratio is an even stronger risk
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factor than HDL alone. Table 2 compares the likelihood ratios of the 
lipid risk factors. Likelihood ratios indicate how well the various 
risk factors fit the actual data and are used as a measure of strength.
TABLE 2
Likelihood Ratios for Various Lipid 
Profiles of Coronary Heart Disease 
Framingham Study, (Men)
Lipid Ratio
HDL cholesterol 14.03
LDL cholesterol 4.39
Triglyceride 0.51
Total cholesterol 1.98
LDL and total cholesterol: triglyceride 8.26
HDL and total cholesterol, triglyceride 19.19
HDL and LDL cholesterol, triglyceride 18.90
HDL and LDL cholesterol 18.66
HDL cholesterol: total cholesterol.
LDL cholesterol 17.16
HDL: total cholesterol 17.11
Total Serum Cholesterol and Exercise 
Numerous investigators have found no significant changes in 
total serum cholesterol after exercise training or no differences in 
cholesterol levels between groups with different fitness levels (17, 
27, 29, 48). Milesis et al. (35) conducted an eleven-week training 
program with progressive energy expenditure without statistically 
significant changes in serum cholesterol. Ratliff et al. (42) and 
Webster et al. (53) were among those reporting similar results. In a 
survey of thirteen studies Montoye et al. (38) found either slight or 
no association reported between measures of work or metabolic capacity
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and total serum cholesterol. The authors concluded that when effects 
of body fatness were removed there was no relationship between 
estimation of work capacity and serum cholesterol.
Some studies have reported decreases in total serum cholesterol 
which paralleled decreases in body fat. Golding (20) observed this 
decrease after twenty-five weeks of hard exercise, Garrett (16) 
reported significant reductions in obesity and serum cholesterol in a 
strenuous six-week program of exercise with thirteen males. Campbell 
(7) found decreased cholesterol levels in obese college age men but 
not in other men. The obese young men had a significant weight loss 
with no dietary change. Cooper et al. (11) reported a consistent 
inverse relationship between fitness categories determined on a 
treadmill and weight, percent body fat, and serum cholesterol. Skinner 
et al. (49) found no significant changes in serum cholesterol but 
individual changes appeared related to changes in diet or weight in a 
progressive endurance training program with fifteen middle-aged men. 
Franklin et al. (14) reported no effect on normal and obese middle-aged 
women who participated in a jogging program. However, seven of nine 
high cholesterol subjects whose body weight decreased showed decreases 
in serum cholesterol. Weinsier et al. (54) reported lower serum 
cholesterol with weight reductions in males and suggested that this 
may be transient.
Decreases in cholesterol levels have been found with no 
significant weight loss noted. Naughton and Balke (40) found a 
decrease in serum cholesterol in six young men following sixteen weeks 
of training with a transient cholesterol increase following acute
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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exercise. Rochelle (44) reported a significant reduction in serum 
cholesterol in twelve young adults after a five-week running program. 
Cholesterol levels returned to pretraining levels within four weeks. 
Alketruse and Wilmore (2) reported a significant decrease following a 
ten-week run or jog program with no change in body weight or diet in 
thirty-nine men. Martin et al. (33) noted a small but readily apparent 
lower serum cholesterol in good and elite runners persistent at all 
ages (twenty to sixty) versus their nonrunning controls. Wood et al. 
(56) reported modestly lower serum cholesterol levels in 41 middle-aged 
male runners than in 743 randomly selected controls from the same 
geographic area. The runners averaged fifteen miles a week or more. 
Haskell et al. (23) reported the same results with female runners.
High Density Lipoprotein and Exercise 
The discrepancies reported in research on the effects of physical 
exercise on total serum cholesterol led a number of researchers to 
suggest that simultaneous changes in lipoprotein fractions may conceal 
the effects of exercise. Decreases in VLDL and LDL cholesterol and 
increases in HDL cholesterol might account for failure to find 
consistent changes in total serum cholesterol (27, 32, 48).
Favorable shifts in lipoprotein densities have been reported in 
several training studies. Roundy et al. (45) found significant 
reductions in VLDL and LDL and increased HDL cholesterol in a study of 
fifty-one male subjects involved in a walking and jogging program. 
Gilliam (17) reported significantly higher HDL levels in girls eight 
to ten years of age after six weeks of exercise. Leon et al. (29)
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reported lower VLDL and LDL and significantly higher HDL cholesterol 
in six obese young men upon completion of a sixteen-week program of 
treadmill walking. Ratliff et al. (42) reported similar results in a 
twenty—six—week progressive conditioning program with normal weight 
men. Ice et al. (24) found a 10 to 31 percent higher HDL and 7 to 29 
percent lower LDL level in a three-year rehabilitation study of three 
coronary patients who completed at least one marathon. In a twelve- 
week jogging program involving middle-aged men Webster et al. (53) 
reported significantly lower VLDL but no significant change in the HDL 
cholesterol: LDL cholesterol ratio. A trend existed for higher HDL 
after three weeks. Increases in HDL and decreases in VLDL and LDL 
cholesterol were found in separate seven—week exercise programs by 
Lopez et al. (32) with thirteen young men and by Vial et al. (50) with 
four adult men.
Several retrospective studies reported similar results. Miller 
and Miller (36) found lower levels of HDL cholesterol in the general 
male population of Sweden than in male cross-country skiers with high 
levels of activity. The lower total serum cholesterol levels 
previously noted by Haskell et al. (23) with female runners and by Wood 
et al. (56) with middle-aged male runners were accompanied by 
significant decreases in LDL and increases in HDL cholesterol in both 
studies. Martin et al. (33) measured the lipid levels of groups of 
controls, good runners, and elite runners. The group of good runners 
had higher HDL levels and a higher HDL cholesterol: total cholesterol 
ratio than the control group. Elite runners showed further 
improvements in these lipoprotein levels.
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A few studies reported no change in lipoprotein fractions with 
activity. Schwane and Cundiff (47) reported no correlation between 
physical activity (as indicated by aerobic points and walking or 
jogging mileage) or maximal oxygen uptake determined on a treadmill 
with VLDL, LDL or HDL levels. Washburn (52) found slight increases 
but no significant changes in HDL cholesterol in either low intensity, 
long duration or high intensity, short duration exercise in a seven- 
week study of moderately fit and active subjects.
The failure of Webster et al. (53) to find changes in the HDL 
cholesterol; LDL cholesterol ratio led the authors to suggest that a 
training threshold may exist with respect to exercise—induced changes 
in HDL levels. Hartung et al. (22) attempted to determine if a 
threshold level of running is necessary to alter the plasma lipid 
pattern. Stepwise decreases in total serum cholesterol and increases 
in HDL cholesterol and in the HDL cholesterol: total serum cholesterol 
ratio were noted between groups of sedentary controls, joggers, and 
marathoners. Low but significant correlations were found between the 
distance run the previous year and the HDL cholesterol: total 
cholesterol ratio in the running groups (r=.23 in the jogging group, 
r=.22 in the marathon group, r=.30 when considered together). The 
authors suggested that this relatively low correlation may have been 
caused by a failure to quantify exercise intensity. A threshold level 
was not established.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Exercise Intensity 
According to Froelicher and Oberman (15), two of the main faults 
in studies relating exercise to coronary heart disease have been a lack 
of quantification of physical activity and an inability to assess the 
type of activity which is most productive. Fox and Haskell (12) 
suggested the efficiency of high intensity exercise rather than total 
work effort in reducing coronary risk. Morris et al. (39) found that 
a minimum of thirty minutes of vigorous activity requiring an energy 
output of 7.5 kilocalories or more per minute was associated with 
protection. Recently Paffenbarger reported in a study of 16,936 
Harvard graduates (41) that men who participate in intense physical 
activities for at least three hours per week expending a total of 2,000 
or more calories have a 64 percent lower chance of heart attacks.
Lesser amounts of exercise or activity at a lesser energy output 
showed no measurable benefits in terms of reducing risk. Risk was 
lower with more strenuous activity even if total calories expended 
were the same. Protection provided by exercise was independent of 
blood pressure, smoking, excess weight, and family history. It has 
been suggested that those able to exercise are more fit to begin with 
but Paffenbarger found that ex^thletes who became sedentary had no 
protection while nonathletes who became active were protected.
Little research has been reported on the relative importance of 
intensity and duration of exercise on HDL cholesterol levels.
Washburn (52) attempted to distinguish between low intensity, long 
duration and high intensity, short duration exercise but the training 
involved failed to elicit statistically significant changes in HDL
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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levels. The author suggested that the participants were too fit and 
the length of training too short.
Lipid Levels and Body Composition 
Lipid levels may be affected by the individual’s body weight or 
amount of body fat. Rhoades et al, (A3) noted that HDL levels tended 
to fall with increasing obesity as determined by a sum of triceps and 
scapula skinfolds. The association appeared to be stronger than that 
of any lipoprotein fraction. The authors suggested the possibility 
that obesity was an important factor in the inverse relationship 
between HDL cholesterol and coronary heart disease.
A strong inverse correlation between HDL cholesterol and relative 
weight was noted in the Framingham Study (20). Weinsier et al. (54) 
reported a significant correlation of lipid levels with percent body 
fat, Montoye et al. (38) found a positive correlation between body 
fatness and total serum cholesterol in the Tecumseh Study of 1,083 men. 
High correlations between changes in HDL levels and changes in percent 
body fat were reported by Ratliff et al. (42) in a training study.
Contradictory results have also been reported by a few 
researchers, Schwane and Cundiff (47) found no correlation of lipids 
with percent body fat. Hartung et al. (22) reported inconsistent 
correlations between tricep skinfolds or percent body fat and lipid 
levels in sedentary and running groups. Washburn (52) reported 
insignificant negative correlations between percent body fat and total 
or HDL cholesterol. Martin et al. (33) found the correlation between 
relative weight and HDL levels not significant within groups of runners.
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High Density Lipoprotein and Alcohol 
Since alcohol is known to influence lipid metabolism and 
transport, researchers began to investigate the relationship between 
reported alcohol consumption, blood lipids and heart disease. Yano et 
al. (57), in a study involving 7,705 subjects in Hawaii, found a strong 
negative association between moderate alcohol consumption (up to 60 
ml/day) and the risk of nonfatal myocardial infarction and death from 
heart disease. The authors suggested that the correlation of alcohol 
consumption with HDL levels (r=.28) might partly account for the 
negative association between alcohol and coronary heart disease. The 
declining trend of incidence of heart disease was no longer seen 
beyond levels of consumption exceeding 60 ml/day. The authors felt 
the relatively high rate of disease among ex-drinkers was evidence 
against the explanation that the association was due to unmeasured 
characteristics of men who drink.
Castelli et al. (10), in data from five study populations, 
reported positive associations (from r=.16 to r=.30) between alcohol 
consumption and HDL levels. Response was graded, even over low levels 
of consumptions. Evidence suggested that HDL levels rose with 
consumption of up to fifteen ounces of alcohol per week and then began 
to fall.
High Density Lipoprotein and Diet 
Since saturated fat in the diet is derived mainly from meat, eggs 
and dairy products, most studies investigating saturated fat intake 
have involved vegetarian groups. Many studies have reported low mean
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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levels of serum cholesterol among populations consuming a 
predominantly vegetarian diet. Walden et al. (51) reported lower lipid 
levels in vegetarian Seventh—Day Adventists than in control 
populations. West and Hayes (55) reported a positive association 
between individual consumption of animal products and lipid levels in 
Seventh-Day Adventists. Sacks et al. (46) compared plasma lipids of 
seventy—three men and forty—three women vegetarians with a group of 
controls randomly selected from the Framingham Study. Levels of plasma 
lipids in the vegetarian group were found to be strikingly low in all 
age groups. Consumption of animal products was directly related to the 
levels of total cholesterol and LDL cholesterol. Although the levels 
of HDL cholesterol were slightly but significantly higher in the 
controls than in the vegetarians, the proportion of total serum 
cholesterol carried by HDL was greater in the vegetarians (33 percent) 
than in the controls (27 percent). Body weight was not associated with 
lipoprotein levels.
In two studies not involving vegetarians an association between 
dietary fat and lipid levels was not shown. Keys and Klmura (26) 
failed to find a relationship between individual consumption of animal 
products and lipid levels in middle-aged farmers in Japan. Kannel and 
Dawber (25) reached the same conclusion using data from the 
Framingham Study.
SUMMARY
HDL cholesterol has been identified as a major risk factor in 
the development of coronary heart disease. The effects of exercise or
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physical activity, body composition, alcohol consumption, and saturated 
fat in the diet on HDL levels establishes an indirect link between 
these factors and coronary disease.
The effect of exercise or physical activity on total serum 
cholesterol has remained unclear, A majority of studies reported 
either no change in serum cholesterol levels with exercise or decreases 
only with weight or body fat loss. However, increased HDL levels with 
exercise or in groups with high levels of fitness have been established 
in most studies. The result of exercise on lipid levels has thus been 
a higher proportion of total serum cholesterol being carried by the 
HDL fraction. Failure to quantify exercise intensity and duration in 
most studies has left unclear the amount and type of activity needed 
to alter HDL levels.
Although some researchers failed to find a relationship between 
body composition and lipid levels, three large population studies 
reported associations. Total serum cholesterol was positively 
correlated with body fatness (38), HDL levels fell with increasing 
obesity (A3), and HDL cholesterol was inversely correlated with 
relative weight (20).
Data involving the effect of alcohol consumption on HDL levels 
was consistent in the studies reviewed. The correlation was positive 
and the response was graded over levels of consumption up to about 60 
ml/day. Alcohol consumed beyond this amount resulted in decreasing HDL 
levels and increased risk of heart disease.
The majority of studies indicated that lipid levels rose with 
increasing amounts of dietary saturated fat. Although HDL levels are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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lower In low fat or vegetarian diets, a greater proportion of total 
serum cholesterol is carried by the HDL fraction.
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C H A P T E R  I I I
METHODS AND PROCEDURES
Fifty-three male volunteer employees of the United States Forest 
Service in Missoula, Montana participated in this study. All subjects 
were also participants in a health risk analysis program (Operation 
Lifestyle) conducted by the Forest Service and were in apparent good 
health. Occupational activities included sedentary desk work and 
field work involving physical exertion, with the majority of subjects 
spending most or all or their working hours inactively.
Blood samples were drawn following an overnight fast of ten hours 
and were analyzed by the Interhealth Company of San Diego. Total serum 
cholesterol, HDL cholesterol, and triglyceride levels were measured.
Personal interviews were conducted with each subject in which the 
frequency, duration and intensity of both work and leisure activity was 
reported. This information was applied to the energy cost tables from 
Sharkey, 1976 (appendix B). Corrections were made for weight, and 
total weekly energy expenditures from physical activity were estimated 
for each subject. A second computation was made for each subject 
including only activity in which energy expenditure was above the rate 
of seven kilocalories per minute.
To predict the maximal oxygen uptake step tests were administered 
to thirty of the fifty-three subjects. Subjects not taking part
19
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included those who chose not to volunteer and those who refrained on 
the advice of the physician supervising the project. Subjects were 
instructed to abstain from coffee, cigarettes, food and exercise for 
two hours before the test. Estimations of maximal oxygen uptake were 
made using results of the step test and a fitness calculator developed 
by the Missoula Equipment Development Center and currently in use by 
the U.S. Forest Service (appendix C).
Three measurements of body composition were used. Subjects were 
weighed when the blood sample was taken. Axillary, chest, tricep and 
abdominal skinfold thicknesses were measured using a Lange skinfold 
caliper and the sum of the four skinfolds was used as an estimate of 
the amount of body fat. Repeated measures were taken to obtain the 
highest degree of accuracy possible. Percent body fat was estimated 
from the chest, tricep and abdominal measurements using the nomogram 
from Consolazio, 1963 (appendix D).
Alcohol consumption was estimated by the subjects in number of 
drinks per week: no drinks, one to two drinks, three to six drinks,
seven to fourteen drinks, fifteen to twenty-four drinks, or more than 
twenty-four drinks per week. One drink was considered to be one shot 
of hard alcohol, one twelve-ounce beer, or a three- to four-ounce glass 
of wine. Only present drinking habits were considered.
By determining the amount of meat, eggs, and dairy products 
consumed by each subject, an estimation was made of the amount of 
saturated fat in the diet. Diets were grouped in four categories: 
vegetarian or very low fat intake, lower than normal fat intake, normal 
fat intake, and higher than normal fat intake. Differences in fat
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content between wild game and livestock were taken into consideration.
Data on subjects is listed in appendix E. Pearson Product- 
Moment Correlation Coefficients were computed to assess the 
association of total serum cholesterol and HDL cholesterol to factors 
known to influence lipid levels. Because of its identification as a 
stronger risk factor than HDL cholesterol alone, the HDL cholesterol: 
total serum cholesterol ratio was included. A multiple regression 
equation was computed with HDL cholesterol as the dependent variable 
and sum of skinfolds, intense activity, alcohol consumption, and 
dietary saturated fat as independent variables in order to examine the 
relative strength of these factors.
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CHAPTER IV 
ANALYSIS AND DISCUSSION OF RESULTS
Ages of the subjects in this study ranged from twenty-five to 
fifty-six years. Means and standard deviations of the measurements 
obtained are given in table 3. Lipid levels are very similar to 
previously reported control groups while the HDL cholesterol : total 
serum cholesterol ratio is equal to that of sedentary groups in several 
studies. The percent body fat mean is slightly low for a population 
in this age group.
TABLE 3
Population Means and Standard Deviations (N=53)
Means S.D.
Age (years) 41.8 6.445
Weight (lbs) 185.4 32.10
Sum of skinfolds (nun) 81 28.73
Percent body fat 15.5 6.077
Total activity (kcal/week) 1,907.9 2,035
Intense activity (kcal/week) 1,420.2 1,524
Total serum cholesterol (mg/dl) 185.4 30.91
HDL cholesterol (mg/dl) 47.5 12.60
HDL cholesterol : total serum cholesterol .263 .0877
Maximal oxygen uptake (ml/kg/min), (N-30) 47.37 13.05
Correlation coefficients are given in table A. No significant 
correlations involving total serum cholesterol were found. Low but 
significant negative correlations were found between HDL cholesterol
22
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and weight, percent body fat, sum of skinfolds, and saturated fat in 
the diet. Correlations between HDL cholesterol and alcohol consumption 
and between HDL cholesterol and total physical activity kilocalories 
were positive but not significant. Positive correlations between HDL 
cholesterol and intense activity (above seven kilocalories per minute) 
and between HDL cholesterol and estimated maximal oxygen uptake were 
low but highly significant. Correlations involving the HDL 
cholesterol: total serum cholesterol ratio paralleled those involving 
HDL cholesterol but with lower coefficients.
TABLE 4
Correlations Between Plasma Cholesterol 
and Other Variables (N=53)
Cholesterol (mg/dl)
Total HDL HDL:total
Weight (lbs) .09 -.32* -.30*
Percent body fat .12 -.33* -.35*
Sum of skinfolds (mm) ,09 -.34* -.34*
Alcohol consumption .24 ,13 -.03
Dietary saturated fat — .07 -.35* -.25
Total activity (kcal) .14 .19 .09
Intense activity (kcal) 
(above 7 kcal/min)
-.02 .37** .29*
Maximal oxygen uptake 
(ml/kg/min) (N=30)
-.12 .36 .34
* P<.05
** PÇ.01
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Multiple regression coefficients are given in table 5. Sum of 
skinfolds was used as an independent variable since it had the highest 
correlation with HDL cholesterol in the body composition group.
Intense activity was considered rather than total activity for the 
same reason. The T—ratio is the coefficient of the variable divided 
by the standard error of the coefficient and is a measure of the 
relative strength of the independent variable.
TABLE 5
Regression Coefficients for Specified 
Variables on HDL Cholesterol
Variable B Std. Error T-ratio
Alcohol consumption -.84719 1.42189 -.59582
Intense activity (kcal) 
(above 7 kcal/min) .00237 .00101 2.33479
Dietary saturated fat -5.13032 2.10291 -2.43962
Sum of skinfolds (mm) -.15242 .05554 -2.74403
R=.51307 r2= .26324
Discussion
The finding of no significant correlations involving total serum 
cholesterol concurrent with the significant correlations between HDL 
cholesterol and five of the eight variables considered, demonstrates 
that changes in lipoprotein fractions must be considered in assessing 
the effects of these variables. When total serum cholesterol alone is 
observed, the effects of exercise, diet, alcohol consumption, and body
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fat may be concealed.
Total serum cholesterol was not significantly correlated with 
total physical activity. Intense activity, or estimated maximal oxygen 
uptake. Since none of the subjects reported weight changes of more 
than five pounds In the two months prior to blood samples being taken, 
this finding was In agreement with most reported research.
Intense physical activity showed a highly significant positive 
correlation with HDL cholesterol (r=.37) and a significant positive 
correlation with the HDL cholesterol: total serum cholesterol ratio 
(r=.29). The Increasing levels of HDL cholesterol with Intense 
activity are shown In table 6,
Intense
TABLE 6 
Activity and HDL Cholesterol
Intense Activity N HDL Cholesterol
(kcal/week)
—
_  _  _0%/^i_l_________
0 to 499 21 43.6
500 to 1,499 13 44.1
1,500 to 2,499 6 49.5
2,500 to 3,499 8 48.8
3,500 and above 5 62.4
Total physical activity also showed positive correlations with 
both (r=.19 with HDL cholesterol and r=.09 with the HDL : total serum 
cholesterol ratio) but neither were significant. This comparison 
provides evidence that intense activity (In this case greater than
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seven kilocalories per minute) has a greater effect on HDL levels than 
does total work load. This may help to explain the finding of lower 
risk of coronary heart disease with more strenuous activity by 
Paffenbarger (41).
Paffenbarger reported that a 2,000 kilocalorie per week 
Participation in intense activity was necessary to provide protection 
from heart disease and that lesser amounts showed no measurable 
benefits. In examining table 6, very little difference in HDL 
cholesterol levels was noted between the 0 to 499 kcal group and the 
500 to 1,499 kcal group. However, the difference in HDL levels 
between the 500 to 1,499 kcal group and the 1,500 to 2,499 kcal group 
is 5.2 mg/dl. In the Framingham Study (9) differences of 3 to 4 mg/dl 
were found to be significant in the development of coronary heart 
disease. Table 7 includes the same information as table 6 but with 
different kilocalorie breakdowns.
Intense
TABLE 7 
Activity and HDL Cholesterol
Intense Activity 
_  ikcal/weekl _ N
HDL Cholesterol 
(mg/dl)
0 to 999 30 44.4
1,000 to 1,999 6 43.7
2,000 to 2,999 9 51.7
3,000 to 3,999 4 48.0
4,000 and above 4 59.3
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Increased fat mobilization from adipose tissue and oxidation of local 
fat stores in the muscle cells. With prolonged exercise, fat 
contributes in an increasing amount. This shift toward fat metabolism 
with exercise may account for altered lipoprotein fractions. The 
^^üization of fat stored within the muscle cell not requiring 
transport to the muscle may necessitate a greater proportion of HDL 
cholesterol.
Although not significant with N=30, the correlation of estimated 
maximal oxygen uptake with HDL cholesterol (r=.36) agreed with studies 
reporting higher HDL levels in groups with greater levels of fitness 
(33, 36), This relationship is further illustrated by the consistent 
stepwise increases in HDL levels with increasing fitness as shown in 
table 8.
TABLE 8
Estimated Maximal Oxygen Uptake 
and HDL Cholesterol
Maximal Oxygen Uptake 
(ml/kg/min) N
HDL Cholesterol 
___ ______________
Below 41 4 40.8
41 to 45 10 46.4
46 to 50 5 46.4
51 to 55 6 47.2
56 to 60 1 49.0
61 to 65 3 51.7
Above 65 1 75.0
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The effect of exercise on maximal oxygen uptake has been well 
documented and the correlation between intense activity and estimated 
maximal oxygen uptake was highly significant in this study (r=.63). 
Estimated maximal oxygen uptake and intense activity had almost equal 
correlations with HDL levels. It is possible that increased HDL levels 
ill fit subjects are due to the physical activity required to obtain 
fitness. Data from table 9 fails to demonstrate increased HDL levels 
with increased fitness in inactive subjects (less than 1,500 
kilocalories per week of intense activity). An insufficient number of 
subjects was tested to fully examine this possibility.
TABLE 9
Estimated Maximal Oxygen Uptake and HDL 
Cholesterol in Inactive Subjects
Maximal Oxygen Uptake 
(ml/k^/min) N
HDL Cholesterol 
(mg/dl)
Below 45 9 40.6
45 - 54 4 43.0
Above 54 3 41.3
Table 10 shows the decreasing HDL cholesterol : total serum 
cholesterol ratio with increasing dietary saturated fat. The ratios of 
.34 in vegetarians or those with very low fat intake and .26 in the 
normal dietary group concur with ratios of .33 in vegetarians and .27 
in controls reported by Sacks et al. (46).
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TABLE 10
Dietary Saturated Fat and the HDL Cholesterol: 
Total Serum Cholesterol Ratio
30
Dietary Saturated Fat N Ratio^
Vegetarian or Very Low
Fat Intake 3 .34
Below Normal Fat Intake 9 .27
Normal Fat Intake 32 .26
Above Normal Fat Intake 9 .22
However, the significant negative correlation (r=r .35) between HDL
cholesterol and dietary fat disagrees with research which has found
lower lipid levels (including HDL) in vegetarians (46, 51, 55). Table
11 shows the relationship between dietary fat and HDL levels found in
this study.
TABLE 11
Dietary Saturated Fat
and HDL Cholesterol
Dietary Saturated Fat N HDL Cholesterol (mg/dl)
Vegetarian or Very Low
Fat Intake 3 61.0
Below Normal Fat Intake 9 49.6
Normal Fat Intake 32 47.9
Above Normal Fat Intake 9 39.4
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A correlation of greater magnitude might have been found by 
compiling the actual dietary intake of each subject and using the 
calories of saturated fat ingested as a continuous function in the 
correlation. It is doubtful that this would have affected the nature 
of the relationship. One possibility is that subjects who limit 
dietary saturated fat are the same subjects who are very active and 
consume greater amounts of alcohol, both of which would raise HDL 
levels. An indication of this is the negative correlations between 
dietary saturated fat and intense activity (r=— .23) and between dietary 
fat and alcohol consumption (r=-.21).
In reviewing five studies Castelli et al, (10) found 
correlations between HDL cholesterol and alcohol consumption ranging 
from r=,16 to r=.30. The correlation found in this study was similar 
(r=,13) but not significant. Table 12 does not show the graded 
response which was noted in previous studies.
Alcohol
TABLE 12 
Consumption and HDL Cholesterol
Alcohol Consumption 
(drinks/week) N
HDL Cholesterol 
_  __ _  _
0 8 48,3
1 to 2 11 46.1
3 to 6 14 43.5
7 to 14 18 49,4
15 to 24 2 63,0
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Procedures in this study may have influenced the results. No 
distinction was made between types of drinks and their alcohol 
content: one twelve-ounce beer contains .44 ounces of alcohol; one 
shot of hard liquor, .57 ounces; and one three— to four-ounce glass 
of wine, .40 ounces. Also, the grouping of numbers of drinks was 
unequal so that the correlation did not involve continuous data.
Another factor which may have had an affect was the correlation 
of alcohol consumption with other variables influencing HDL levels. 
Intense activity had a highly significant positive correlation with 
alcohol consumption (r=.61). Sum of skinfolds had a significant 
negative correlation with alcohol (r=-.33). Thus, the high HDL levels 
at greater amounts of consumption may have been due to the leanness 
and activity of the subjects.
The finding of no significant correlations of total serum 
cholesterol with percent body fat (r=.12), sum of skinfolds (r=.09), 
and weight (r=.09) agrees with correlations reported by Weinsier et 
al. (54) (r=.15 with percent body fat) and Rhoades et al. (43) (r=.15 
with skinfolds). The significant negative correlations of these 
factors with HDL cholesterol supports the suggestion offered by 
Rhoades that obesity is an important factor in the development of 
coronary heart disease. The magnitude of the correlations is low and 
very similar to the correlation with sum of skinfolds reported by 
Rhoades (r=— .30) and the correlation with relative weight reported in 
the Framingham Study (20) (r=-.28).
Consistent decreases in HDL cholesterol levels with increasing 
skinfold thickness are shown in table 13.
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TABLE 13
Sum of Skinfolds and HDL Cholesterol
Sum of Skinfolds 
______ (mm)_____ N
HDL Cholesterol 
___ ______________
0 to 50 5 60.4
51 to 75 15 49.1
76 to 100 21 47.7
Above 100 12 39,8
In this population the correlations of sum of skinfolds with intense 
activity (r=,07) and dietary saturated fat (r=-.01) were
insignificant. In this group body fat makes an independent contribution 
to HDL cholesterol levels beyond that caused by the effect of activity 
and dietary saturated fat on both HDL levels and body fat.
Multiple regression analysis (table 5) shows the similar 
contributions of intense activity, saturated fat in the diet, and sum 
of skinfolds to the HDL cholesterol level. The contribution made by 
alcohol consumption is much less.
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CHAPTER V
SUMMARY
HDL cholesterol levels have been identified as a major risk 
factor in the development of coronary heart disease. The association 
of factors with HDL levels establishes a link between these factors 
and coronary disease. Factors considered in this study were physical 
activity, body composition, alcohol consumption, and dietary saturated 
fat. Associations were assessed by computing correlation coefficients 
between these factors and HDL cholesterol levels. The intensity and 
duration of physical activity were quantified in order to examine 
possibly differing affects of total work load and intense activity 
(here defined as greater than seven kilocalories per minute).
Attention was directed to the possible presence of a threshold level 
of activity required to alter HDL levels.
The correlation of HDL cholesterol with intense activity was 
highly significant (r=,37, pi*01), while that of HDL cholesterol with 
total physical activity was positive but not significant (r=.19, 
p>.05). This provides evidence that HDL levels are affected more by 
intense activity than by total work load, HDL levels rose with 
increasing amounts of intense activity. A threshold level was not 
established but it appears that positive changes in HDL levels are 
associated with 2,000 kilocalories per week of intense activity.
34
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This coincides with the finding of Paffenbarger (41) of a lower 
limit of 2,000 kilocalories per week of intense activity in providing 
protection from coronary heart disease.
Improved HDL cholesterol : total serum cholesterol ratios were 
noted in diets low in saturated fat. Previous studies have reported 
lower lipid levels (including HDL cholesterol) as well as improved 
ratios with low fat diets. In this study HDL cholesterol levels were 
higher. The correlation of saturated fat intake with HDL levels was 
t=— .35. A possible explanation is that the subjects who limited 
dietary saturated fat are relatively lean and consume greater amounts 
of alcohol. Dietary saturated fat was correlated negatively with 
intense activity (r=-.23) and alcohol consumption (r=-.21).
The correlation between HDL cholesterol and alcohol consumption 
was positive but not significant (r=.13). A clear graded response was 
not shown. The correlation of alcohol consumption with intense 
activity was highly significant (r=.61) and with sum of skinfolds was 
significant (r=-.33). Thus, high HDL levels at greater amounts of 
consumption may have been due to the leanness and activity of the 
subjects in this population.
Significant negative correlations were found between HDL 
cholesterol and weight (r=-.32), percent body fat (r=-.33), and sum 
of skinfolds (r=-.34). HDL levels showed stepwise decreases as sum of 
skinfolds increased. No significant correlations were found between 
these factors and total serum cholesterol. Correlations of sum of 
skinfolds with intense activity (r=.07) and dietary saturated fat 
(r=-.01) were insignificant.
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CONCLUSIONS
HDL cholesterol levels show a highly significant positive 
association with intense physical activity (greater than seven 
kilocalories per minute) but not with total physical activity- A 
threshold level was not established but positive changes in HDL 
levels are demonstrated at 2,000 kilocalories per week of intense 
activity.
HDL levels show a significant negative association with the 
amount of saturated fat in the diet and with measures of body 
composition (weight, percent body fat, and sum of skinfolds). In 
this population fatness makes an independent contribution to HDL 
levels beyond that caused by the effect of activity and dietary 
saturated fat on both obesity and HDL levels.
HDL cholesterol was not significantly associated with alcohol 
consumption.
RECOMMENDATIONS
The following recommendations for additional research are 
offered :
1. Investigators might consider the effects of activity 
intensities other than seven kilocalories per minute 
on HDL cholesterol levels.
2o Inclusion of a greater number of subjects with intense 
activity levels between 1,000 and 3,000 kilocalories 
per week might allow for identification of either a
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threshold level of activity required to elicit changes 
in HDL levels or a linear relationship between HDL 
levels and intense activity at all amounts of activity.
3. By compiling actual dietary intake of each subject
calories of saturated fat could be used as a continuous
function in the correlation.
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Calories Burned in Various Physical Activities
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ACTIVITY
Work Tasks
Carpentry 
Chopping wood 
Cleaning windows 
Clerical work 
Dressing 
Driving car 
Driving motorcycle 
Farming 
Chores
Haying, plowing with horse 
Planting, hoeing, raking 
Gardening 
Digging 
Weeding 
Hiking
Road-field (3.5 mph)
Snow: hard-soft (3.5-2.5 mph) 
Downhill: 5-10% grade (2.5 mph) 
Downhill: 15-20% grade (2.5 mph) 
Uphill: 5-15% grade (3.5 mph) 
40-lb pack: (3.0) mph)
40-lb pack: (1.5 mph) 36% slope 
House painting 
Ironing clothes 
Making beds 
Metal working 
Mixing cement 
Mopping floors 
Pick-and-shovel work 
Plastering walls
Pulaski (depends on rate of work 
and other factors)
Repaving roads 
Sawing 
Chain saw 
Crosscut saw 
Shining shoes
Shoveling (depends on weight of load, 
rate of work, height of lift)
Forest Service data (average) 
Showering 
Stacking lumber 
Standing, light activity 
Stone masonry 
Sweeping floors 
Tree felling (ax)
Truck and auto repair 
Walking 
Downstairs 
Indoors 
Upstairs 
Washing clothes 
Washing and dressing 
Washing and shaving
Calories
per
minute
3.8
7.5
3.7 
1.2-1.6
3.4
2.8
3.4
3.8
6.7
4.7
8.6
5.6
5.6-7.0 
10 . 0 - 20.0 
35-3.6
3.7-43
8.0-15.0
5.0
16.0
3.5 
4.2
3.4
3.5
4.7
4.9
6.7
4.1
7.8
5.0
6.2
7.5-10.5
3.2
5.4-10.5
8.0 
3.4
5.8
2.6
6.3
3.9
8.4-12.7 
4.2
7.1
3.1
10.0-18.0
3.1 
2.6 
2.6
ACTIVITY
Recreation
Archery
Badminton (recreation-competition) 
Baseball (except pitcher)
Basketball Half-full court 
(more for fastbreak)
Bowling (while active)
Calisthenics 
Canoeing (2.5-4.0 mph)
Cycling (5-10 mph - 10-speed bicycle) 
Dancing 
Modern: moderate-vigorous 
Ballroom: waltz-rumba 
Square 
Football(while active)
Golf (foursome-twosome)
Handball and squash
Horseshoes
Judo and karate
Mountain climbing
Pool or billiards
Rowing (pleasure-vigorous)
Running
12-min mile (5 mph)
8-min mile (7.5 mph)
6-min mile (10 mph)
5-min mile (12 mph)
Skating (recreation-vigorous)
Skiing 
Moderate to steep 
Downhill racing 
Cross-country (3-8 mph) 
Snowshoeing (2.5 mph)
Soccer
Swimming
Pleasure
Crawl (25-50 yd/min)
Butterfly (50 yd/min)
Backstroke (25-50 yd/min) 
Breaststroke (25-50 yd/min) 
Sidestroke (40 yd/min)
Skipping rope 
Table tennis
Tennis (recreation-competition) 
Volleyball (recreation-competition) 
Water skiing 
Wrestling
Calories
per
minute
5.2
5.2-10.0
4.7
6.0-9 0
7.0
5.0
30-7,0
5.0-12.0
4.2-57  
5.7-7.0
7.7
13.3 
37-5.0
10.0
3.8
13.0
10.0
1.8
5.0-15.0
10.0
15.0
20.0
25.0
5.0-15.0
8 .0 - 12.0 
16.5
9.0-17.0
9.0
9.0
6.0
6.0-12.5
14.0
6.0-12.5
6.0-12.5
11.0
10.0-15.0 
4 9-7.0
7.0-11.0 
3.5-8.0 
8.0
14.4
Calories burned deperrds on etficiency and body size. Add 10 percent lor each 15 pounds above 150, subtract 10 percent for each 15 pounds under 150. From Passmore and Oumin, 1955; Consolazio, Johnson, and Perora, 1963; Roth, 1968; Shadtey, 1976.
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A P P E N D IX  E
Data
1. Total serum cholesterol (mg/dl).
2. High density lipoprotein cholesterol (mg/dl)»
3. High density lipoprotein cholesterol : total serum cholesterol ratio.
4» Alcohol consumption, number of drinks per weekî (1) no drinks,
(2) one to two drinks, (3) three to six drinks, (4) seven to 
fourteen drinks, and (5) fifteen to twenty-four drinks.
5» Total kilocalories per week from physical activity»
6. Total kilocalories per week from physical activity above the 
rate of seven kilocalories per minute.
7. Dietary saturated fat, estimated: (1) vegetarian or very low 
fat intake, (2) lower than normal fat intake, (3) normal fat 
intake, and (4) higher than normal fat intake»
8. Sum of four skinfolds (mm).
9. Percent body fat.
10. Weight (lbs).
11. Maximal oxygen uptake, estimated (ml/kg/min).
1 2 3 4 5 6 7 8 9 10 11
DM 167 33 .20 2 434 164 4 83 17 181 40
JC 191 49 .26 4 882 0 3 26 4 144 59
TK 243 69 .28 4 4 405 2977 3 55 11.5 164 53
BL 186 44 .24 3 1195 590 3 77 17 158 55
SS 216 42 .19 3 221 221 3 79 14 167 42
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1 2 3 4 5 6 7 8 9 10 11
JJ 172 48 .28 1 1245 1145 4 81 15 187 44
OD 242 49 .20 4 3896 3497 3 94 17.5 197 48
JR 154 48 .31 1 2343 2343 3 140 27.5 239 48
JD 171 33 .19 4 2388 1591 3 103 18 204 45
GR 143 60 .42 2 2252 2252 3 30 6 172 53
RS 177 54 . 36 2 4457 2979 3 84 15 161 45
BS 207 75 .39 2 6974 6974 2 51 9 156 65
RB 216 31 .14 2 770 224 3 43 8 197 55
GJ 177 33 .19 3 1381 407 4 82 13.5 207 44
WB 149 75 .50 4 3793 3693 3 20 4.5 153 66
EH 145 72 .50 5 1963 1963 2 78 12.5 185 45
SB 106 26 .25 3 3372 3372 4 58 11 177 61
EB 226 44 .19 4 10590 222 4 83 13 183 49
RW 233 38 . 16 4 3042 0 2 101 18 196 36
DY 180 37 .21 1 833 833 4 79 14 158 51
JS 192 42 .22 2 2260 1207 2 78 14 202 44
JS 196 54 .28 4 4366 4366 3 38 8 161 65
ES 165 37 .22 3 679 579 2 108 19.5 194 43
WW 179 42 .23 4 2905 2116 4 65 10.5 182 54
OR 177 54 .31 1 696 178 4 84 15.5 171 39
JB 193 38 .20 2 1446 1264 4 87 16.5 199 37
JH 185 54 .29 4 5646 2759 3 98 20 170 48
JS 178 54 .30 4 804 804 2 64 11 154 45
CF 149 37 .25 3 822 552 3 70 11.5 153 50
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1 2 3 4 5 6 7 8 9 10
WO 165 49 .30 3 70 0 3 66 12 154
HM 168 29 ,17 3 62 62 3 78 17 175
BG 177 29 .16 2 1345 1345 3 107 22.5 242
RG 197 48 .24 4 290 290 3 77 17.5 178
JM 187 60 .32 2 4141 4141 1 84 16.5 168
TS 275 49 .18 4 768 668 3 63 13 197
WD 194 49 .29 1 560 560 3 128 27 227
DS 175 64 .37 3 133 133 3 75 15.5 170
WK 214 37 .17 2 437 337 3 112 22.5 177
OS 157 48 .31 1 194 94 3 79 15 192
RH 242 42 .17 4 1376 121 3 103 22.5 186
RS 165 54 .33 5 2998 2998 1 60 10.5 139
RT 197 42 .21 4 3540 3034 3 73 16.5 175
DC 197 60 .30 4 2411 827 3 84 17 161
RL 201 38 .19 4 412 412 2 60 13 164
K7 198 48 .24 2 5028 4038 3 185 37.5 340
LL 179 42 .23 3 3434 2732 3 109 23 194
JO 156 33 .21 1 0 0 3 127 26.5 244
CS 148 69 .47 1 100 0 3 80 13 171
CK 184 69 .38 3 492 492 1 67 11.5 158
m 168 64 .38 3 751 363 3 46 7.5 187
JB 199 31 .16 3 608 455 3 96 16 191
RL 229 42 .18 3 2269 2259 2 102 18 209
FS 140 49 .25 4 637 637 3 93 17 178
11
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